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This paper gives the results of a critical study of .506 
two-theodolite observations taken during the year 1923 
at the Aerological Observatory a t  Pavlovsk, Russia. 
One-half of the observations were taken in the forenoon 
(7 a. m.) and the other half near the noon hour (I  p. in.). 
The weight of the unin%ated balloons averaged about 75 
gams.  They varied in ascensional rate, several being 
sled to give an assumed rate of ascent as great ns 320 
meters per minute as determined by Hesselberg’s tables. 

A number of tables and figures are given in the article 
to show the relations existing among the various factors 
which determine the ascensional rate. In  this abstract, 
Table I of the original is reproduced as Table 1 ; I1 and 111 
aa 2; VI as 3; VI1 as 4 ;  Figure 3 as Figure 1. 
TULE 1.-Mean departures, for various levels, of the actual ascen- 

aional rate of the balloons from the assumed rate for the year: also 
for the winter half year and the summer half year 
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nouncetl as to overc.onie the effect of the strong winds 
entirely. Conclusions are drawn from both tables that 
t8he effect of wind velocit’y on t.he ascensionnl rate is con- 
fined to the lower levels of the n.tmosphere where turbu- 
lence is pronounced. Above 400 to 600 meters the depar- 
tures for st,rong as well as light winds become of the same 
order of magnit8utle. The author invites attention to the 
fact that, t,he increase of wind velocity in the upper layers 
can he inclependent of the. turbulence process, a condition 
ndiic,h he and ot’hers have shown does not prevail near the 
surfiwe. 
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TABLE 2.--Mea?L departures of the actual from the assumed rate of 
ciscent coinpared with ihe wind velocity at the 1,000-meter level, for 
the winter and summer half years 

I Wind velocity at Loo0 m.  level 
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From Table 1 it is evident that in the lower levels even 
in winter the departures of the actual from the assinnet1 
ascensional rates reach large plus ralues. At the 100- 
meter level, in winter the actual ascensionnl rate is 24 
per cent greater than the assumed, and in sum~ner 35 
per cent greater. The departures hecome sninllcr with 
altitude; that is, the actual ascensional rate grnclunlly 
comes nearer to the assumed. In winter and in the 
mornings of summer the departures are smaller, the zero 
value being reached a t  the 500-meter level, whereacj at the 
summer noon hour this value is not reached until the 
3,000-meter level. Negative de artures show an increase 

out, seems to agree with the lessening of the lifting Imwer 
caused by the loss of hydrogen. 

I n  the winter there is little difference in the clepnrtures 
in the forenoon and afternoon; also there is little clifference 
between the winter departures nntl the summer morning 
departures. The author attributes thelar e vnluesreached 

vection, due to warming tip of the earth’s siirfnce by the 
sun, while the smaller vnlues of winter-nncl simmer morn- 
ings he explnins as due to mechnnicnl turbiilencr cnused 
b movements of air masses over the enrtli’? wrface. 
TXis explanation is borne out b y  Tnhle 3,  which shows that 
the departures vary with the wind velocity. the 1nrKer )Ius 

of wind velocity on the rate of ascent can be seen in hoth 
morning and noon hour observations in winter, whereas 
in the summer noon-hour observations the effect is re- 
versed, the stronger plus depnrtnres occiirring with the 
light winds, Here the thermal turhulence i b  so pro- 

a t  the 5,000-meter level, whic P 1 fact, the niithor points 

in the summer afternoons to thermal tur % ulence, or con- 

departures occurring with the stronger winil. The e B ect 

i m . 0  448 .2  
f11.8 +8.3 
4-6.1 1 +0.2 
+a. 1 +19.5 

.- 

From Tnble 3 it is apparent that, e3 ecially in the 
morning hours, the balloons show a hi er ascensional 

winds from the southerly. But this applies only to the 
lower levels, below 400 or 500 meters. The reason for 
this given by the author is that the larger temperature 
lapse rate of northerly winds near the surface in compari- 
son with thRt of the so~ther ly  winds is the predominating 
f R ctor . 
TABLE 3.--ilfean departures of the actual ascensional rate from the 

assuincr l ,  for dt,ffereiit wind directions for various levels u p  to 1,000 
inetera 

rate with winds from the northerly qua ($ ants than with 
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I n  the mornin hours, a t  least, the ascensional rate 

especiaUy a t  their beginning, than in periods of rising 
temperature. At thenoon hour this difference disappears. 
This is shown by Table 4. From the rising periods there 
was separated a period of little change in temperature, 
given in the table n+s~ the normal. The values for this 
normal period are smaller than t8hose for the cold, and 
larger than those for the warin 1)eriocl; and these normal 
values come close to the values for the year given in 
Table 1. 

attains larger vaues f in periods of falling temperature, 

TABLE 4.-Mean departures o j  ascensional rate for falling tenipera- 
ture eriods ( - A  and - B )  and f o r  rising tempernfitre periods (A 
and 4) for various levels U P  to 1,000 me?ers. The values for Group 
A are for the beginning of the periods and those of B f o r  their ends 

I Afternoon 

From the foregoing and other facts brought out in 
his study, the author concludes that the ascensional rate 
of balloons is affected not only by the aerod-ynamical 
qualities of a given balloon but also by the weather condi- 
tions to a large degree. In  view of this fact he thinks 
the investigation of all conditions which are connected 
with the movement of pilot balloons is doubly important, 
as this leads not only to a fuller developdent of the theory 
of methods of research into the velocity of air streams, 
but also indicates a procedure which enables us to express 
a characteristic of the atmospheric conditions of the air 
strata. 

The author compares the results of his investigation 
with the results obtained in this country. (1) He finds 
that the departures as given in an article on the ascen- 
sional rate of balloons publishccl by the reviewer are much 
smaller than those obt allied from the observations 
taken in his country. For an explanation lie gives thc 
following: The conditions of the movements of a 
balloon in the at,mosphere are iiiostly determined by the 
resistance offered by the atmosphere. According to 
the experiment by Prandtl (2)  the coefficient of resist tince 
of the balloon does not bear n constant relation to the 
velocity of the balloon but vnries with the so cnllecl 

pvD . “Reynold’s number,” R -  in which pis the density of 
the air; w, the velocity of the balloon: n. the clinmeter 
of the balloon; and 7, the moleculnr viscosity- of the air: 
and it also varies with the air conc1ition.s. It is shown 
that the greatest difference betweeu the coefficient o f  
friction for still and turbulent air occurs when the Rey- 
nolds’ number is between 100,000 and 200,000. Hewel- 
berg has shown that for pilot bnlloons it is enough to 
assume that the Reynolds’ nuinher is proportional to the 
lifting power of the bnlloon. Therefore from Prandtl’s 
results it mieht he esnected that tho difference in the 

rl 

movements of the balloons in still and t,urbulent air 
would vary with bhe free lift of the balloon. This is 
shown by Figure 1. The greatest departures occur 
wit,h balloons with a 200-gram lift as used in Russia. 
The balloon with a 150-gram lift shows smaller depart- 
ures, a n d  t,he smalle,st departures occur with balloons of 
about 70 grams free lift. From the foregoing the author 
concludes that by taking observations with one theodolite 
it would be better t’o use a free lift, of only 70 or 80 grams. 
In order t,o get high enough aacensional rate he suggests 
using btilloona of smalle,r weight. 

5001z 
prn. A > /70g. Puv/ovsk Yeor /923 
am. A > /70g/r ---.---- 
am. A > 170g~- - : = - - 
&m A < /QQg. - -------- ----- 
Am. A < /50 grr - America Yeor 
pm. A < /50 gr -.---.----- 

I# Aug - Sepf /923 
Aug -Sepf /924 

I ,  . 

A =free L i f t  
FIG.  1 .--Ciirres showing t.he re.latiou of the mean departures of the ascensionul rate from 

the msumed. with the free lift of t,he hulloon 

DISCUSSION 

In the study of the ascensional rate of pilot balloons 
referred t80 by the author, the reviewer matle no atteni t 

nscensional rate of the balloon ttnti the velocity of the 
wind, the primary object of the study being to verify the 
ascensional rate formula in use. Since that time, how- 
ever, the reviewer has matle a careful st8utly of two- 
theodolite observations in order t80 determine the effect 
of wind velocity on the ascensional mte. I t  is of interest 

to show whether or not A relation esists between t E e 

” 
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to give the results of this study here as they verify the 
results obtained by Moltschanoff in this connection. 

In this study 418 two-theodolite observations made at  
various aerological stations in the United States were 
selected. The only criterion used in the selection was 
that they be taken early in 
the effects of thermal 
observations taken 
loons weighed 25 to 35 grams and were filled to give an 
ascensional rate of 180 meters per minute or to a free 
lift of from 120 to 130 grams, depending upon bheir 
weight. The velocit of the wind was correlated with 

the observations, i .  e., the velocity of the wind at  the 
end of the first minute was correlated with bhe ascensional 
rate durino the first minute, the velocity of the wind at  
the end of the second minute was correlated with the 
ascensional rate of the balloon during the second minute, 
etc. There was found to be a direct relation between the 
ascensional rate and the wind velocity during the first 
minute. The second minute showed a mere suggestion 
of a relation and the third and fourth minutes no relation 
whatever. The correlation coefficients and probable 
errors for the first, second, third, and fourth minutes 

the ascensional rate 9 or each of the first four minutes of 

were found to be + 0.507 f 0.024, + 0.172 f 0.032, + 0.012 
f0.033, and +O.OOS f0.033. 

I t  may be of interest also to know that the average 
ascensional rates for the first four minutes were, 198.4, 
180.5, 178.0, and 179.1 meters per minute, respectively, 
and the st,anclard deviations from these averages were 
18.7, 15.8, 16.1, and 15.6 meters, respectively. 

I t  is noted that the results of this investigation are in 
close agreement with those given by Moltchanoff with 
balloons of approximately the same free lift. Investiga- 
tions of the ascensional rate of pilot balloons (3) made 
by Capt. B. J. Sherry are also in accord with the results 
obtained by Moltschanoff in so far as the effect of wind 
velocity on the ascensional rate is concerned. 
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T H E  WIND FACTOR AND T H E  AIR MAIL SOUTHWARD FROM KANSAS CITY 

By JOHN A. RILEY 55/. 5C ( 764) c78/) 
[Weather Bureau 0 5 c e ,  Broken Arrow, Okla., J 8 n W y  20,19281 

[Prssented before the American Meteorological Bociety at Kansas City, Mo., December 28, 19261 
6%?. /3  

The Air Mail route southward from Kansas City ex- 
tends first in a west-southwesterly direction to Wichita, 
thence southward to Oklahoma Cit , and from there 

fie f d midway between these two cities. The distance 
from Kansas City to Wichita is approximate1 180 miles, 

Cit to Dallas-Fort Worth 190 miles. The southbound 

Dallas-Fort Worth at  5:40 p. m. The northbound mail 
leaves Dallas-Fort Worth at 8 a. m. and arrives at Kan- 
sas City at 2.15 p. m. This schedule calls for a speed of 
about 90 miles per hour in each direction. 

In dealing with the wind factor in flight it is generally 
recognized among flying men that the normal state‘ of 
the air is one of more or less rapid movement, subject to  
frequent changes of speed and direction. And although 
the wind is scarcely ever strong enough to prevent a 
flight it is sufficient to affect schedules by causing delays. 
The wind also tends either to reduce or to increase the 
average speed of flight and this effect increases as the ve- 
locit of the wind approaches the s eed of the craft. 

d e n  we know the s eed and %rection of the wind 

readily computed. We first f b d  the angle the craft 
must make with the course to overcome the effect of 
drift. This is called the B angle; the angle between the 
wind and the course is the a angle. /3 is found by the 
formula, 

sli htly east of south to the Dallas- E9 ?rt Worth landing 

Wichita to Oklahoma City 155 miles, an c9 Oklahoma 

mm s leaves Kansas City at 11:20 a. m. and arrives at 

and the cruising speed o P the craft the resultant speed is 

sin / 3 = r s i n  8, a 
a 

in which S ,  and Sa are the wind speed and the craft 
speed, respectively. In  flying where no landmarks are 
msible, as above clouds or over water surfaces out of 
sight of land, this angle must be computed or estimated. 

After it is obtained the resultant speedof craft is found 
by the formula 

Sr=S, COB f 8, cos a 

Figure 1 represents the surface winds at Broken Ar- 
row. I t  is based on a five-year period of continuous 
hourly records.. The average speed and the percentage 
frequency of the eight directions are shown. 

N /2.6 I 
/7 

‘ W 9 . 6  
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i 

/9 
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Ve/u city frequency 
FIQ. l.-Average annual velocity (m. p. h.) and percentage frequency of surface winds, 

Broken Arrow, Okla., based on continuous automatic records 

1 Qrsphs for readily obtaining these data as well as other information of practical spue 
in aerial navigation may be found in  a paper “The Weather LBctor in seronautics by 
Dr. C. L. Meisinger, who was until his death a pioneer in eerossutical mteordlogy, 
(Mo. Wee. Rev., Dec., 1920.) 


